Prairie View A&M University

Digital Commons @PVAMU
All Theses
8-1966

The Effects of Thyroxine on the Development of the
Chondrocranium (Neurocranium) of Rana Pipiens Tadpoles
Weldon Judd Walton

Follow this and additional works at: https://digitalcommons.pvamu.edu/pvamu-theses

THE EFFECTS OF THYROXINE ON THE DEVELOPMENT OF THE
CHONDROCRANIUM (NEUROCRANIUM) OF RANA PIPIENS TADPOLES

A THESIS
Presented to the Graduate School
of Prairie View Agricultural and Mechanical College
In Partial Fulfillment of the
Degree of
Master of Science

By
Vfeldon Judd Walton
August, 1966

ACKNOWLEDGEMENT

The writer wishes to express his sincere appre
ciation to Dr. E. W. Martin, Professor of Biology
at Prairie View Agricultural and Mechanical College,
for his inspiration, invaluable time, constructive
criticisms, and help in securing the necessary materials
during this investigation.

The writer is also grateful

to Dr. R. W. Lewis for making available the photographical
facilities necessary for the production of photomicro
graphs, to the Advisory Committee members (Dr. J. E.
Berry, Dr. P. L. Young, Dr. C. E. Urdy, and Mr. C. L.
Ward) for their constructive criticisms made during the
thesis reading period, and to Dr. L. C. Collins, Head
of the Biology Department at Prairie View Agricultural
and Mechanical College, for granting the writer a
graduate assistantship during the academic school year

1965-1966.
W.J.W,

DEDICATION

This thesis is dedicated to
my parents, Mr. and Mrs. Eramitt
Judd Walton of Bryan, Texas, for
their patience, understanding, and
persistent encouragement through
the years.

W.J.W,

Table of Contents

Page
I.

II.

III.

INTRODUCTION

1

MATERIALS AND METHODS

k

RESULTS

6

A.
B.

IV.

V.

VI.

VII.

Control Series
Experimental Series

6
10

DISCUSSION

lb

SUMMARY

19

BIBLIOGRAPHY

20

APPENDIX

22

A.
B.
C.

23
32

Normal Neurocranium
Treated Neurocranium (stage I)

Treated Neurocranium (stage IV)

37

The Effects of Thyroxine on the Development of the
Chondrocranium (Neurocranium) of Rana nipiens Tadpoles
INTRODUCTION
It is well established that the causation of amphib
ian metamorphosis is through the secretory activity of the
thyroid gland.

Gudernatsch (1912), fed dried or powdered

mammalian thyroid glands to frog tadpoles, and observed
that precocious metamorphosis resulted.

When other kinds

of mammalian glands were used, none had any metamorphic
effect, thus, it was concluded that some metamorphosisstimulating material must be present in the thyroid gland
itself.
The work of Allen (1918, 1938) also demonstrated
that thyroid hormone was necessary in bringing about
frog metamorphosis.

Observation of the metamorphic ca

pacity of thyroidectomized tadpoles as compared with that
of tadpoles with thyroids, showed that thyroidless tad
poles grew beyond the normal size, but failed to meta
morphose as the control tadpoles.

Another study (Allen,

1938) also dealt with thyroidless tadpoles which were
immersed in an aqueous solution of thyroxine, which were
stimulated to metamorphose as the normal tadpoles, thus,
concluding that metamorphosis is dependent upon the presence
of the thiyoid hormone even if the gland has been removed.
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Adler (191*+) reported that the pituitary gland is
also involved in the causation of amphibian metamorphosis.
He found that hypophysectomized tadpoles with the thy
roid gland present resulted in no metamorphic change,
thus, concluded that the pituitary gland secretes a thy
roid-stimulating substance necessary for thyroid gland
activation.
Allen (1929), Ingram (1929), and Etkin (1939) have
presented similar conclusions.

The role of thyroid hor

mone in stimulating metamorphosis in amphibians has been
reviewed extensively by Allen (1938); Lynn & Wachowski
(1951), Etkin (1955); Kollros (1961).
Etkin (1950) stresses that the capacity to respond
to thyroid hormone is acquired by all tissues of Rana
pjpiens at the same time.

He indicated that this reactive

capacity occurred at the time of the formation of the oper
culum.

Moser (1950), in a study of Rana temporaria. sup

ports the assertion that tissue reactivity begins at the
time of formation of the operculum, but that tissues became
responsive sequentially rather that concurrently as sug
gested by Etkin (1950).

It is more accurate to speak of

metamorphosis as resulting from the interaction of thyroid
hormone with undifferentiated tissue because it emphasizes
that the many phenomena of metamorphosis depend not only
on the action of thyroxine but also on the presence of an
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inherent tissue sensitivity.

The differences in mor

phological response of tissues have their counterparts
in metabolic differences (Frieden, 1961).
In Rana niniens. thyroid-dependent growth of the
hind limbs is not seen until 5 to 7 weeks after feeding
begins (Kollros, 1959).

Although thyroid hormone is being

secreted, the level of circulating hormone is not suf
ficient to bring about a response.

Some tissues fail to

respond to thyroid hormone even after huge exogenous doses
have been administered, which has been demonstrated by
Kaltenbach (1953)> with the use of thyroxine-cholesterol
pellet implants, found local tissue responses independent
of general systemic effects.
The purpose of this study is two folds

(1) to estab

lish the time at which the normal development of the
chondrocranium is completed, and (2) to determine whether
the rate of chondrocranium development can be accelerated
by administering large doses of exogenous hormone.

h
MATERIALS & METHODS
The animals used to carry out this investigation
were Rana pjpiens tadpoles obtained from eggs following
induced ovulation and artificial fertilization (Rugh, 193*+)»
The fertilized eggs were kept in aerated tap water and
were changed daily.

As the animals increased in size

they were separated to prevent crowding.

After the

embryos entered the f i r s t larval stage they were fed
canned spinach which was changed daily.

The larvae were

staged following the method of Taylor and Kollros (19^6).
A series of control animals was prepared using
three in each of the following larval stages (I, III,
IV, VI, VIII, X, XIII, and XV), in order to determine
the stage at which normal development of the chondrocranium was completed.
The experimental tadpoles used were in larval stages
I and IV.

Larval stage I was used because at this stage

the animals' own thyroid gland begins to function, and
larval stage IV was used because at this stage many of
the thyroxine-dependent systems will begin to show a
response.

Fifteen tadpoles for each experimental stage

were immersed in a thyroxine solution (150 p. g/1) for
one, two, three, four, and five days in individual finger
bowls.

Three animals were fixed at the end of each day.

All animals, controls and experimentals, were fixed in

Bouins' fluid, dehydrated, sectioned at 10 microns,
affixed to microscope slides, and stained with Ehrlich'
acid hemotoxylin and light green.

The slides were ob

served under a compound microscope for results.
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RESULTS
Control Series
Observations of Normal Chondrocranium
Normal development of the chondrocranium was
studied in Rana pipiens tadpoles.

A total of *+5 animals

was used in this study.
Figures 1 through 15 show the successive stages of
morphogenesis of the chondrocranium.

Stage I
At the very anterio-ventral tip of the telencephalon
is a cartilaginous mass which divides into two elongating
cartilaginous rods, the trabeculae, which are ventro
lateral^ located with respect to the telencephalon and
diencephalon (Fig. 1).
The two trabeculae elongate posteriorly and become
fused with parachordals (Fig. 2).

These cartilaginous

rods become connected to the lateral sides of the notochord and began to elongate laterally in the region of
the rhombencephalon (Fig. 3 ) .
Stage III
The cartilaginous ventral mass of the telencephalon
and the ventral elongated cartilaginous rods of the dien
cephalon have begun to proliferate laterally (Fig.
then dorsally with respect to the brain.

and

The optic capsules
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have completely formed due to cartilaginous proliferation.
There is a lateral proliferation of the posterior
portions of these cartilaginous rods, i.e., the former
parachordal portion (Fig. 5) and a slight proliferation
toward the dorsal roof of the rhombencephalon.
Stage IV
There is a proliferation of cells from the upper
median tips of the optic capsules toward the dorsal
median line of the telencephalon and diencephalon but
the cranial cavity still remains open. A medially pro
liferating cartilaginous rod anteriorly projects on the
dorsal surface of the brain which originated from the
fused parachordal base, but has not yet communicated with
the anteriorly migrating cartilaginous processes.
The migrating processes have fused with the medially
proliferating cartilaginous rod covering the dorsal por
tion of the brain in the posterior region, i.e., the
rhombencephalon, thus enclosing the hind brain completely
(Fig. 6).
Stage VT

There is a greater proliferation of cells toward
the dorsal median line with respect to the telencephalon,
diencephalon, and especially the mesencephalon (Fig. 7)»
In the region of the metencephalon and especially
the Myelencephalon, the migrating cartilaginous processes
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have completely fused, thus, enclosing the posterior
portion of the brain (Fig. 8).
Stage VIII
At the most posterior portion of the diencephalon
and especially the mesencephalon, the cartilaginous processes
have completely fused with the center projecting carti
laginous mass, thus enclosing the cranial cavity even
more.

However, the most anterior portion of the dien

cephalon and all of the telencephalon remain partially
opened by the cartilaginous processes.
The rhombencephalon is completely enclosed by the
fused cartilaginous processes.
Stage X
The most anterior portion of the fore brain is prac
tically enclosed by the migrating processes except in the
mid-dorsal line, (Fig. 9).

The rhombencephalon is com

pletely enclosed.
Stage XIII
The entire enaterior portion of the brain is complete
ly enclosed by the proliferating cartilaginous masses
(Fig. 10) with the anterior fused tips of the trabeculae.
The enclosure of the rhombencephalon is completed
(Fig. 11 and 12).
Stage XV
The brain is completely enclosed by the cartilaginous
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neurocranium both anteriorly (Fig. 13) and posteriorly
(Fig. I 1 * and 15).
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EXPERIMENTAL SERIES
I.

Immersion of young tadpoles in thyroxine
A.

General Metamorphic Changes

When young larval stages of Rana pipiens are immersed
in on thyroxine solutions (150 ;ug/l), those which respond
show premature general metamorphic changes.

At the

beginning of feeding, Stage I, only a slight change in
external appearance is seen although strong solutions
are used.

The hind-limb buds appear to be most sensitive

in response to the exogenous source of thyroxine.

Only a

few animals were able to survive a period longer than five
days in the thyroxine solutions.
Stage IV animals show numerous external responses to
thyroxine which are manifested by asynchronies in develop
ment.

Changes noted the second day, were more pronounced

the third day, and by the end of the fifth day many dis
harmonies in development occur such as widening of the
mouth, narrowing of the body, tail resorption, and emer
gence of the fore-limbs.

These changes normally do not

occur until metamorphic climax, about stage XX.

The stage

IV animals immersed in thyroxine advanced to stage XIX or
XX by the end of the five day period.

The animals were

very sluggish and survival rate was very low.
B.

Development of chondrocranium under the influence
of Thyroxine

A description is presented on the effects of thyroxine
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on development of the chondrocranium in stage I and stage
IV tadpoles.

Figures 16 through 33 show some details of

thyroxine effects on chondrocranial development.
Stage I - Tadpoles
1 day - Ventro-lateral to the diencephalon and mesencephalon
two elongated cartilaginous rods, the trabeculae project
posteriorly (Figs. 16 and 17).
Ventral to the rhombencephalon the two elongated rods,
the parachordals, have fused to form a plate of cartilage.
This cartilaginous plate has begun to proliferate laterally
in both directions (Fig. 18).
2 days - In the region of the diencephalon the two parachordals
have fused, thus, forming a cartilaginous plate.

The cells

have proliferated laterally in both directions and have
migrated slightly dorsally.
3 days - In the diencephalic and mesencephalic regions
ventro-lateral cartilaginous rods are present.
In the anterior rhombencephalic region the fused car
tilaginous plate has proliferated laterally in both direc
tions. In the most posterior ventral region of the rhomben
cephalon, columns of the proliferating cells are migrating
dorsally on both sides.
k days - The two trabeculae are located ventro-lateral to
the diencephalon and mesencephalon.
The posterior region of the rhombencephalon has dorsal-
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ly proliferating columns of cartilage on both sides.
5 days - Ventro-lateral to the diencephalon and mesencephalon
two elongated cartilaginous masses project posteriorly
(Figs. 19 and 20).
In the posterior region of the rhombencephalon the
migrating columns of cartilage have moved even more dorsad
with respect to the dorsal median line of the rhomben
cephalon (Fig. 21).
Stage IV - Tadpoles
1 day - In the region of the deincephalon and mesencephalon
the dorsally proliferating cartilaginous columns have more
closer dorsad with respect to the dorsal portion of the
brain (Fig. 22).
In the anterior portion of the rhombencephalon the two
proliferating columns have moved closer to the medially
projecting dorsal cartilaginous mass, (Fig. 23) thus,
practically forming a bridge across the dorsal median line
of the brain.
2 days - In the region of the diencephalon and mesencephalon
there is a proliferation of cells from the upper median tip
of the optic capsules.
These cartilaginous masses or processes are moving
toward the dorsal median line of the brain (Fig. 2*+).
The most anterior portion of the rhombencephalon is
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completely enclosed by cartilage (Fig. 25).
3 days - The migrating cartilaginous processes are prominent
in the region of the diencephalon and mesencephalon (Figs.
26 and 27).
The rhombencephalon is completely enclosed by cartilage
(Fig. 28).
k days - In the prosencephalic region of the brain the
cartilaginous processes are migrating toward the dorsal
median line of the brain, and even more so in the mesencephalic
region (Figs. 29 and 30).
In the region of the most posterior portion of the
mesencephalon and especially the rhombencephalon, the carti
laginous processes have completely fused (Fig. 31), thus
forming a bridge.
5 days - The prosencephalic region of the brain is completely
enclosed by the fused cartilaginous processes (Fig. 3 2 ) .
The rhombencephalon is completely enclosed by cartilage
(Fig. 33).
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DISCUSSION
The results of studies of normal and experimental de
velopment of the chondrocranium in Rana pipiens larvae sug
gest that the chondrocranial development is thyroid depend
ent.
Detailed investigations dealing with comparative chon
drocranial development include those of El-Toubi (19^-9)
with Squalus acanthias; El-Toubi and Kamal (1959) with
Chalcides ocellatus: Bhargava (1958) with Mastacembolus
armatus; El-Toubi and Kamal (1961) with Ptyodactylus
hasselauistii: Kindred (1921) with Syngnathus fuscus;
and Balinsky (1961) with the African clawed toad, Xenopus
laevis.

All of these studies indicate that development of

the trabeculae comes from two sources; that is, the anterior
part is formed from migrating neural crest cells, and the
posterior part is derived from the prechordal plate mesen
chyme.
According to Balinsky (1961), another pair of ventro
lateral cartilaginous masses, the parachordals, is derived
from head mesenchyme produced by the sclerotomes.

These

parachordals lie on either side of the notochord.

This

study shows a similar type development in Rana pipiens.
both in normal and thyroxine stimulated development of the
neurocranium,
Kollros (1961) reported that metamorphic responses in
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amphibians occur -whenever thyroid hormone concentration is
increased.

This is evident in this investigation when stage

IV tadpoles were used.

Aside from precocious external meta-

morphic changes, the neurocranium of thyroxine-treated
animals completely enclosed the brain by the end of five
days after immersion.
The same concentration of thyroxine in younger tadpoles,
stage I, failed to elicit noticeable external metamorphic
changes or changes in the chondrocranium.

Apparently,

the very young tadpoles had not yet reached the competence
to respond to thyroxine, except for the hind-limb buds.
According to Moser (1950), sensitivity is a progressive
process; that is, sensitivity is not assumed by all tissues
simultaneously, but a definite sequence is involved in the
readiness of tissues to respond.
During normal development of the chondrocranium, it
was noticed that complete enclosure of the brain occurred
between stages XIII and XV of control animals.

Martin

(1962), in studies on brain development of Rana pipiens
reported a sudden spurt of mitotic activity of the ependymal
layer of the cerebellum at Stage XIII.

He suggested that

this sudden increase in cell proliferation might be attrib
utable to rapid production of circulating thyroid hormone
in the blood at this time, which brings about metamorphic
climax.

The fact that the chondrocranium encloses the
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brain completely at this time also seems to indicate that
it is thyroid dependent, and that its final development
is a metamorphic event.

Very early stages in development

of the chondrocranium, however, appear to be independent
of thyroid hormone since development occurs at a normal
rate in the presence of large doses of thyroxine.
At the very anterio-ventral tip of the telencephalon
of the normally developing neurocranium of stage I tadpoles,
is a cartilaginous mass which divides into two elongating
cartilaginous rods, the trabeculae, which are ventro
lateral^ located with respect to the telencephalon and
diencephalon.

The same condition existed anteriorly with

the neurocranium of animals treated for one, two, three,
four, and five days in stage I, thus, eliciting no significant
change over that of the normal neurocranium.
In the posterior portion of the normal neurocranium of
stage I, it was noted that the two trabeculae elongate
posteriorly and become fused with parachordals.

These

cartilaginous rods became connected to the lateral sides of
the notochord and began to elongate laterally in the region
of the rhombencephalon.

It was noted that no significant

change occurred in the posterior development of the one, two,
three, four, and five day treated neurocraniums (stage I)
over that of the normal neurocranium.
In the anterior region of the normal neurocranium of
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tadpoles in stage IV, it was found that there was a pro
liferation of cells from the upper median tips of the optic
capsules toward the dorsal median line of the telencephalon
and diencephalon, however, still leaving the cranial cavityopened.

It was also noted that in the normal neurocranial

development of stage IV animals, a medially proliferating
cartilaginous rod, which projected anterior to the dorsal
surface of the brain, originated from the fused parachordal
base which had not yet communicated with the anteriorly mi
grating cartilaginous processes.

The anterior condition of

both one and two day treated neurocraniums of stage IV
animals was similar to that of the normal neurocranium
(stage IV), except for a greater proliferation of the
cartilaginous processes toward the dorsal median line of
the brain of the two day treated neurocranium (stage IV),
There was a greater process proliferation in the anterior
region of both the three and four day treated neurocraniums
of stage IV animals, but there was an even greater process
proliferation toward the dorsal median line of the brain of
the four day treated neurocraniums of stage IV animals,
than that of the three day treated neurocranium (stage IV).
After five days of neurocranial treatment of stage IV
animals, it was observed that complete enclosure of the
brain by the migrating cartilaginous processes occurred in
the anterior region, a condition comparable to stage XV
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under normal neurocranial development.
The migrating processes in the posterior region of the
normally developing neurocranium of stage IV animals fused
with the medially proliferating cartilaginous rod covering
the dorsal portion of the brain, thus, enclosing the hindbrain.

In the posterior region of the one day treated

neurocranium of stage IV tadpoles, it was observed that the
proliferating processes in the anterior region of the rhomben
cephalon had migrated closer toward the dorsal median line
with respect to the brain.

However, in the posterior region

of the two, three, four, and five day treated neurocraniums
of stage IV animals, it was noted that the hind-brain was
completely enclosed by cartilage.
From the present investigation, it is suggested that
either thyrodectomized or hypophysectomized tadpoles be
used to ascertain whether or not the early development of
the chondrocranium is thyroid-dependent.
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Summary
Rana niuiens tadpoles from select stages were used
in order to determine the stage in which the brain
becomes completely enclosed by the neurocranium un
der normal and experimental conditions.
It was found that the brain of normally developing
tadpoles becomes completely enclosed by the neuro
cranium at stage XIII, where as, in experimental
the brain is completely enclosed at stage IV after
five days of thyroxine treatment.
Treated animals in stage I showed no metamorphic
response to thyroxine.

The inability of very young

tadpoles to respond to strong solutions of thyroxine
suggests that they had not reached the competence
to respond to thyroxine.
It was found that during chondrocranial development
the most posterior portion of the neurocranium was
more preponderant with respect to brain enclosure
than the anterior portion.

Thus, the posterior

portion of the neurocranium appears to be more
reactive than the anterior portion.

20

BIBLIOGRAPHY

Adler, L., 191*+. Metamorphosestudien an Batrachierlarven. Roux Arch., 39s21-l+5.
Allen. B. M., 1918. The results of thyroid removal in
larvae of Rana pjpiens. J. Exp. Zool., 2l+:lt99-5l9.
. 1929. The influence of the thyroid and
hypophysis upon growth and development of amphibian
larvae. Quart. Rev. Biol., ^:325-3!?2.
. 1938.
metamorphosis.

The endocrine control of amphibian
Biol. Rev., 13:1-19.

Balinsky, B. I., 1961. "An Introduction to Embryology."
W. B. Saunders Company, Philadelphia, 285-29'+.
Bhargava, H. N., 1958. The development of the chondrocranium of Mastacembelus armatus. J. Morph.,
102:^01-1+26.

El-Toubi, M. R., 19*+9. The development of the chondrocranium of the spiny dogfish, Acanthias vulgaris
(Saualus acanthias). Part I. Neurocranium,
mandibular and hyoid arches. J. Morph., 84:227-235*
El-Toubi, M. R., and A. M. Kamal., 1959* The develop
ment of the skull of Chalcides ocellatus. Part I.
The development of the chondrocranium. J. Morph.,
10*+: 269-305.
. 1961. The develop
ment of the skull of Ptvodactvlus hasselguistii.
Part I. The development of the chondrocranium.
J. Morph., 108:165-191.
Etkin, W., 1939. A thyrotropic field effect in the tad
pole. Part I. J. Exp. Zool, 82:'+63-'+95.
. 1950. The acquisition of thyroxine-sensitivity
by tadpole tissues. Anat. Rec., 108:5l+l.
. 1955. In Analysis of development, ed. by B. H.
"Willier, P. A. Iffeiss, and V. Hamburger. W. B. Saunders
Co., Philadelphia, Penn. (pp. 631-663).

21
Frieden, E. 1961. Biochemical Adaptation and Anuran
Metamorphosis, Am. Zool., l:ll5-l*+9.
Gudernatsch, J. F., 1912. Feeding experiments on tad
poles. I. The influence of specific organs
given as food on growth and differentiation.
A contribution to the knowledge of organs with
internal secretion. Arch. Entw.-mech.d.Org.,
35^57-1*83.
Harrison, B. M., 1931. Developmental stages of the chondrocranium in some selachians. J. Morph., 52:565-592.
Ingram, W. R., 1929. Studies of amphibian neoteny. II.
The interrelation of thyroid and pituitary in
the metamorphosis of neotenic anurans. J. Exp. Zool.,
53:387-^10.
Kaltenbach, J. C., 1953a. Local action of thyroxin on
Amphibian metamorphosis. J. Exp. Zool., 122:21-39.
Kindred, J. E., 1921. The chondrocranium of Syngnathus
fuscus. J. Morph., 35:*+25-*+36.
Kollros, J. J. 1959. Chap. 20 in Comparative endocri
nology, ed. by A. Gorbman. John Vftley & Sons, Inc.,
New York.
. 1961a. Mechanisms of amphibian metamor
phosis; hormones. Am. Zoologist, 1:107-11*+.
Lynn, W. G., and lifechowski, H. 1951. The thyroid gland
and its function in cold blooded vertebrates:
Quart. Rev. Biol., 26:123-168.
Martin, E. W., 1962. Development of the cerebellum in
normal and thyroxine-treated larvae of Rana niniens.
Dissertation Abstracts.
Moser, H. 1950. Ein Beitrag zur Analyse der Thyroxinwirkung
im Kaulquappenversuch und zur Frage nach dem Zustandekommen
der Fruhbereitschaft des Metamorphosereaktionssytems.
Rev. Suisse Zool., 57 (suppl.2):l-l¥+.
Rugh, R., 193*+. Induced ovulation and artificial ferti
lization in the frog, Biol. Bull., 66:22.
Taylor, A. C., and J. J. Kollros, 19*+6. Stages in the normal
development of Rana pipiens larvae. Anat. Rec., 9*+ s7—23•

APPENDIX

Explanations of Figures

NORMAL NEUROCRANIUM

Fig. 1

Anterior condition of neurocranium
(stage I), a, cartilaginous mass at
anterio-ventral tip of telencephalon,
b, telencephalon.

Fig. 2

Anterior condition of neurocranium
(stage I), a, ventro-laterally
located trabeculae of the telencephalon
and diencephalon. b, diencephalon.

Fig. 3

Posterior condition of neurocranium
(stage I), a, laterally connected
parachordals to the notochord.
b, notochord.

Fig. 1+

Anterior condition of neurocranium
(stage III), a, cartilaginous pro
liferations, i.e., laterally with
respect to the diencephalon. b,
diencephalon.
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Fig. 1

Fig. 2

Fig. 3

Fig. b

Fig. 5

Anterior-posterior condition of
neurocranium (stage III), a, Lateral
proliferations of fused parachordals,
b, notochord.

Fig. 6

Posterior condition of neurocranium
(stage III). Hindbrain is completely
enclosed due to cartilaginous pro
liferation. a, rhombencephalon
b, fused roof of neurocranium.

Fig. 7

Anterior condition of neurocranium
(stage VI). a, Proliferation of cells
toward the dorsal median line.

Fig. 8

Posterior condition of neurocranium
(stage VI). a, Fused migrating
cartilaginous processes enclosing
rhombencephalon.
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Fig. 7

Fig. 9

Anterior condition of neurocranium
(stage X). a and b, Migrating
cartilaginous processes have practi
cally fused except in the mid-dorsal
line, c, mid-dorsal region.

Fig. 10

Anterior condition of neurocranium
(stage XIII). a, Fused cartilaginous
processes enclosing forebrain.

Fig. 11 Section through the rhombencephalon
(stage XIII).

Fig. 12

Posterior condition of neurocranium
(stage XIII). a. Fused cartilaginous
processes enclosing hind-brain.
(note J Tissue section is slightly
wrinkled and torn, but processes
have fused).

Fig, 11

Fig. 12

Fig. 13

Anterior condition of normal neurocranium
(stage XV). a, Fused cartilaginous
processes in fore-brain region.

Fig. I1*-

Section through the rhombencephalon
(stage XV).

Fig. 15

Posterior condition of normal neurocranium
(stage XV). a. Fused cartilaginous
processes in hind-brain region, (note:
Tissue section is slightly torn in the
mid-dorsal region of brain, but processes
have fused).

Fig. 15

TREATED NEUROCRANIUM
(STAGE I)

Pig. 16

Anterior condition of one day treated
neurocranium (stage I), a, Ventro
lateral trabeculae in the forebrain
region.

Fig. 17

Anterio-posterior condition of one
day treated neurocranium (stage I ) ,
a, cartilaginous rods in the mid
brain region.

Fig. 18

Posterior condition of one day treated
neurocranium (stage I), a, Cartilaginous
rods fused with the notochord. b,
Lateral proliferation.

Fig. 19

Anterior condition of five day treated
neurocranium (stage I), a, Ventro
lateral trabeculae in the forebrain
region.

Fig0 16

Fig. 17

Fig, 18

Fig. 19

Pig. 20

Anterio-posterior condition of five
day treated neurocranium (stage I ) ,
a, Cartilaginous rods in the mid
brain region.

Fig. 21

Posterior condition of five day treated
neurocranium (stage I), a, Lateral
proliferating cartilaginous columns
in the hind-brain region moving dorsad
with respect to the brain.

Figo 20

Fig. 21
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TREATED NEUROCRANIUM
(STAGE IV)

Pig. 22 Anterior condition of one day treated
neurocranium (stage IV). a, Cartilaginous
columns proliferating dorsad.

Fig. 23

Posterior condition of one day treated
neurocranium (stage IV). a, Hind-brain
is practically enclosed by proliferating
processes •

Fig. 2?+

Anterior condition of two day treated
neurocranium (stage IV). a, Migrating
cartilaginous process toward mid-dorsal
line.

Fig. 25

Posterior condition of the two day
treated neurocranium (stage IV). a,
fused cartilaginous processes in
the hind brain region.

Pig. 2k

Fig. 2?

Fig. 26

Anterior condition of three day treated
neurocranium (stage IV). a ? Migrating
cartilaginous process toward mid-dorsal
line in the fore brain region.

Fig. 27

Anterio-posterior condition of three
day treated neurocranium (stage IV).
a, Central projecting cartilaginous
process.

Fig. 28

Posterior condition of three day treated
neurocr anium (stage IV). a, Fused
cartilaginous processes in the hindbrain region.

Fig. 29

Anterior condition of four day treated
neurocranium (stage IV). a, Central
projecting cartilaginous mass, b,
Laterally migrating cartilaginous
process.

Fig, 28

Fig, 29

Fig. 30

Anterioposterior condition of four
day treated neurocranium (stage IV).
a, Fused cartilaginous processes in
the mid-brain region.

Fig. 31 Posterior condition of four day treated
neurocranium (stage IV). a, Fused
cartilaginous processes in the hindbrain region.

Fig. 3 2

Anterior condition of five day treated
neurocranium (stage IV). a, Fused
cartilaginous processes in the forebrain region.

Fig. 33

Posterior condition of five day treated
neurocranium (stage IV). a, Fused
cartilaginous processes in the hindbrain region.

Fig. 32

Fig. 33

